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(54) Lithographic apparatus 

(57) A litliographic projection apparatus having a 
masking device (MD) for obscuring part of at least one 
of a patterning means (MA) used for patterning a pre- 
lection beam before imaging the pattemed beam onto 
a substrate. The masking device (MD) includes a first 
masking means (4) to obscure said part of said pattem- 



ing means (MA) in a first direction (Y) and a second 
masking means (6) to obscure said part in a second dif- 
ferent direction (X), wherein said first and second mask- 
ing means are disposed in the vicinity of said focal plane 
in a mechanically uncoupled arrangement with respect 
to each other. 
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Description 

10001 ] The present Invention relates to a lithographic 
projection apparatus comprising: 

an Illumination system for providing a projection 
beam of radiation, wherein said illumination system 
defines a focal plane through which, in use. said 
projection beam passes; 

a support structure for supporting a patterning 
means at a location, the patterning means serving 
to pattern the projection beam according to a de- 
sired pattern; 

- a masking device for obscuring at least a part of said 
patterning means from said projection beam, said 
masking assembly comprising a first masking 
means arranged to obscure part of said location in 
a first direction with respect to said location, a sec- 
ond masking means arranged to obscure part of 
said location in a second different direction with re- 
spect to said location; 

a substrate table for holding a substrate; 

a projection system for imaging the patterned beam 

onto a target portion of the substrate. 

[0002] The term 'patterning means" should be broad- 
ly interpreted as referring to means that can be used to 
endow an Incoming radiation beam with, a patterned 
crosS'Section. corresponding to a pattern that is to be 
created In a target portion of the substrate; the term 
■light valve" has also been used In this context. Gener- 
ally, the said pattern will correspond to a particular func- 
tional layer In a device being created in the target por- 
tion, such as an Integrated circuit or other device (see 
below). Examples of such patterning means Include: 

A mask. The concept of a mask is well known in 
lithography, and it Includes mask types such as bi- 
nary, alternating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. 
Placement of such a mask In the radiation beam 
causes selective transmission (in the case of a 
transmissive mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the 
mask, according to the pattern on the mask. In the 
case of a mask, the support structure will generally 
be a mask table, which ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam if so desired. 

- A programmable mirror array. An example of such 
a device is a matrix addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus Is that 
(for example) addressed areas of the reflective sur- 
face reflect Iricident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 



2 

diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattem of the addressable surface. 

5 An aitemative embodiment of a programmable mir- 
ror array employs a matrix arrangement of tiny mir- 
rors, each of which can be individually tilted about 
an axis by applying a suitable localized electric field, 
or by employing piezoelectric actuation means. 

10 Once again, the mirrors are matrix-addressable, 
such that addressed mirrors will reflect an Incoming 
radiation beam in a different direction to unad- 
dressed mirrors; in this manner, the reflected beam 
Is patterned according to the addressing pattem of 

15 the matrix-addressable mirrors. The required ad- 
dressing can be performed using suitable electronic 
means. More Information on such mirror arrays can 
be gleaned, for example, from United States Pat- 
ents US 5.296,891 and US 5,523.1 93, which are In- 

20 corporated herein by reference. 

- A programmable LCD array. An example of such a 
construction is given in United States Patent US 
5,229,872, which Is Incorporated herein by refer- 
ence. As above, the support structure in this case 

25 may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 

For purposes of simplicity, the rest of this text may, at 
certain locations, specifically direct itself to examples In- 
30 voiving a mask and mask table; however, the genera) 
principles discussed In such Instances should be seen 
In the broader context of the patterning means as here- 
above set forth. 

[0003] For the sake of simplicity, the projection sys- 

35 tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The radiation system may also in- 

40 elude components operating according to any of these 
design types for directing, shaping or controlling the pro- 
jection beam of radiation, and such components may 
also be referred to below, collectively or singularly, as a 
"lens". Further, the lithographic apparatus may be of a 

45 type having two or more substrate tables (and/or two or 
more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 

50 Twin stage lithographic apparatus are described, for ex- 
ample, in US 5,969,441 and US Serial No. 09/180,011 . 
filed 27 February, 1998 (WO 98/40791), incorporated 
herein by reference. 

[0004] Lithographic projection apparatus can be 
55 used, for example. In the manufacture of integrated cir- 
cuits (iCs). In such a case, the patterning means may 
generate a circuit pattern corresponding to an individual 
layer of the IC, and this pattern can be imaged onto a 
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target portion (comprising one or more dies) on a sub- 
strate (silicon wafer) that has been coated with a layer 
of radiation-sensitive material (resist). In general, a sin- 
gle wafer will contain a whole network of adjacent target 
portions that are successively irradiated via the projec- 
tion system, one at a time. In current apparatus, employ- 
ing patterning by a mask on a mask table, a distinction 
can be made between two different types of machine. 
In one type of lithographic projection apparatus, each 
target portion is irradiated by exposing the entire mask 
pattern onto the target portion in one go; such an appa- 
ratus is commonly referred to as a wafer stepper. In an 
alternative apparatus commonly referred to as a step- 
and-scan apparatus - each target portion is irradiated 
by progressively scanning the mask pattem under the 
projection beam in a given reference direction (the 
•scanning" direction) while synchronously scanning the 
substrate table parallel or anti-parallel to this direction; 
since. In general, the projection system will have a mag- 
nification factor M (generally < 1), the speed V at which 
the substrate table is scanned will be a factor M times 
that at which the mask table is scanned. More informa- 
tion with regard to lithographic devices as here de- 
scribed can be gleaned, for example, from US 
6,046,792, incorporated herein by reference. 
[0005] It is often desirable or necessary to ensure that 
only a certain part of the mask is imaged by the projec- 
tion beam to the substrate. For example, the mask may 
contain more than one pattem of which only one Is used 
for a given exposure. It is also often desirable or neces- 
sary to stop stray light from impinging on the substrate. 
In lithographic projection systems using this function it 
Is typically achieved by providing a mask masking de- 
vice at an intermediate plane in the illuminator. 
[0006] In a stepper system where the mask Is fixed 
with respect to the illuminator, the mask masking device 
is provided adjacent the mask and is also fixed with re- 
spect to the Illuminator and the mask. 
[0007] Conventional masking devices comprise at 
least one movable blade. In certain conventional devic- 
es two sets of moveable blades are provided. Conven- 
tionally the two sets of blades are mechanically coupled 
to a support and each support is mounted on a common 
frame. Thus conventionally the sets of blades are me- 
chanically coupled to each other. Conventionally, the 
two sets of blades may be disposed in a plane in the 
illumination unit. Each set of moveable blades comprise 
a pair of blades arranged to move together and apart in 
one direction, the Y-directlon, hereinafter referred to as 
the Y-blades, and the other pair of blades is arranged to 
move together and apart in a direction perpendicular to 
the Y-blades, in the X-direction, hereinafter referred to 
as the X-blades. There are currently two types of mask 
masking schemes: masking for static exposure and 
masking for scanning exposure. In static exposure, part 
of the mask is blocked for the duration of an exposure. 
In scanning exposure, a part of the mask is blocked for 
a predetermined length of time. 



[0008] The blades may be set so that there is a pre- 
determined distance between the X-blades and the Y- 
blades, respectively. Conventionally, the Y-blades are 
arranged to be moveable during scanning, and the X- 

s blades, although moveable, are generally arranged to 
be stationary during scanning. If the X-blades are to be 
moved, this generally takes place in between scans. For 
static exposures the X-blades may be moved between 
exposures. For scanning exposure, Y-blades in partic- 

10 ular are arranged to perform additional movements to 
allow scanning of the patterning means by the radiation 
source to take place. Before a scanning cycle begins, 
the blades are arranged to prevent any radiation Imping- 
ing on the patteming means. At the beginning of the 

15 scanning cycle the Y-blades open to a scanning dis- 
tance. At the end of the scanning cycle, the Y-blades, In 
particular, move Into a position in which light is prevent- 
ed from Impinging on the patteming means, so that at 
the end of the scanning cycle no light impinges on the 

20 patterning means, 

[0009] The inventors have found that problems arise 
with conventional masking devices. For example, prob- 
lems arise when the masking devices are arranged to 
scan the mask. As higher scanning speeds are demand- 

25 ed, conventional masking devices fail. In particular, with 
some conventional masking devices the mass of the 
coupled X-Y blades creates inertia, preventing the Y- 
blades from being able to be accelerated and deceler- 
ated fast enough to open to their scanning position, and 

30 close at the end of the scan position, respectively. Fur- 
ther, the high moving mass cannot be satisfactorily 
moved at high enough scanning speeds by conventional 
motors without causing disturbances to be transferred 
to other parts of the apparatus. 

35 [0010] It Is an object of the present invention to pro- 
vide an apparatus and method which can effectively 
mask portions of the mask of a lithographic projection 
apparatus during scanning as well as static exposure. 
[001 1] This and other objects are achieved according 

40 to the Invention in a lithography apparatus as specified . 
in the opening paragraph, characterized in that the first 
and second masking means are disposed in the vicinity 
of the focal plane in a mechanically uncoupled arrange- 
ment with respect to each other. 

45 [0012] This arrangement provides an advantage in 
that the first and second masking means are Isolated 
from one another whilst providing an effective masking 
function. A further advantage being that vibrations and 
disturbances from the first masking means and the ap- 

50 paratus frame do not disturb the second masking 
means, and vice versa. The uncoupled masking means 
have a lower mass than the coupled masking means. 
Thus, lower driving forces are required to move the 
masking means enabling higher accelerations and 

55 scanning speeds to be achieved. 

[001 3] According to a further aspect of the present in- 
vention, there is provided a lithographic projection ap- 
paratus, wherein said first masking means is provided 
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with a cooling device. 

[0014] This arrangement provides the advantage in 
that the cooling of the first masking means enables the 
dimension of a first set of blades of the masking means 
in the direction of the projection beam (the thickness) to 
be reduced in comparison with conventional blades. 
The thinner first set of blades takes up less room in the 
region of the focal plane than conventional blades ena- 
bling a second set of blades to also be disposed within 
proximity of the focal plane, yet still provide good mask- 
ing with sharp edges. 

[001 5J According to a further aspect of the Invention 
there is provided a device manufacturing method com- 
prising the steps of: 

providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 
providing a projection beam of radiation using an 
Illumination system; 

providing a support structure for supporting a pat- 
terning means at a location, the patterning means 
serving to pattern the projection beam according to 

a desired pattern; 

selectively obscuring part of at least one of said pat- 
terning means from said projection beam and the 
patterned beam, using a first masking means to se- 
lectively obscure said part in a first direction with 
respect to said location, and using a second mask- 
ing means to selectively obscure said part in a sec- 
ond different direction with respect to said location, 
projecting the patterned beam of radiation onto a 
target area of the layer of radiation-sensitive mate- 
rial, 

characterized by disposing said first masking means 
and second masking means in the vicinity of a focal 
plane of said projection beam in a mechanically uncou- 
pled arrangement with respect to one another 
[001 6] In a manufacturing process using a lithograph- 
ic projection apparatus according to the invention a pat- 
tern (e.g. In a mask) Is Imaged onto a substrate that is 
at least partially covered by a layer of energy-sensitive 
material (resist). Prior to this imaging step, the substrate 
may undergo various procedures, such as priming, re- 
sist coating and a soft bake. After exposure, the sub- 
strate may be subjected to other procedures, such as a 
post-exposure bake (FEB), development, a hard bake 
and measurement/inspection of the Imaged features. 
This array of procedures is used as a basis to pattern 
an Individual layer of a device, e.g. an IC. Such a pat- 
terned layer may then undergo various processes such 
as etching, Ion-implantation (doping), metallisation, ox- 
idation, chemo-mechanlcal polishing, etc., all Intended 
to finish off an individual layer. If several layers are re- 
quired, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, 
an array of devices will be present on the substrate (wa- 
fer). These devices are then separated from one anoth- 



er by a technique such as dicing or sawing, whence the 
Individual devices can be mounted on a carrier, connect- 
ed to pins, etc. Further information regarding such proc- 
esses can be obtained, for example, from the book 'l^/li- 
s crochip Fabrication: A Practical Guide to Semiconductor 
Processing", Third Edition, by Peter van Zant, McGraw 
Hill Publishing Co.. 1997, ISBN 0-07-067250-4, incor- 
porated herein by reference. 
[0017] Although specific reference may be made in 
10 this text to the use of the apparatus according to the 
Invention in the manufacture of ICs, It should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
es ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
20 sidered as being replaced by the more general terms 
■mask", "substrate* and "target area", respectively. 
[0018] In the present document, the ternris "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation, including ultra-violet radiation (e.g. 
25 with a wavelength of 365, 248, 1 93, 1 57 or 1 26 nm) and 
extreme ultra-violet (EUV) radiation (for example, hav- 
ing a wavelength in the range of 5-20 nanometres), as 
well as particle beams, such as ion beams or electron 
beams. 

30 [001 9] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying schematic drawings in which: 

Figure 1 depicts a lithographic projection apparatus 
35 according to an embodiment of the invention; 

Figure 2 shows a masking device according to an 
embodiment of the invention; 
Figure 3a shows a three dimensional overview of a 
masking device according to an embodiment of the 
40 invention; 

Figure 3b shows a cross section in the YZ plane of 
part of the lithographic apparatus shown in Rgure 
1 showing masking blades according to an embod- 
iment of the invention; 
45 Figure 4 shows a cross section in the YZ plane of 
part of the lithographic apparatus shown in Figure 
1 showing stacking of masking blades according to 
an embodiment of the invention; 
Figure 5 shows X-blades of the masking device 
50 mounted on a support member according to an em- 
bodiment of the invention; 
Figure 6 shows detail of a X-blade mounted on a 
support member according to an embodiment of the 
invention; 

55 Figure 7 shows a plan view of a support member 
for Y-blades according to an embodiment of the In- 
vention; and 

Rgure 8 shows details of a Z manipulator integrated 
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in an X and Y assembly supporting frame according 
to an embodiment of the invention, 

[0020] In the Figures, con-esponding reference sym- 
bols indicate corresponding parts. 
[0021] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

a radiation system Ex, IL for supplying a projection 
beam PB of radiation (e.g. UV radiation). In this par- 
ticular case, the radiation system also comprises a 
radiation source LA; 

. a masking device MD provided for selectively 
shielding parts of a mask MA {eg. a reticle) from the 
proj ection beam, in other embodiments, masking 
device may be provided to selectively shield parts 
of the patterned projection beam; 
a relay optics RL provided for projecting the radia- 
tion that passes through the masking device to the 
mask MA; 

a first object table (mask table) MT provided with a 
mask holder for holding the mask MA, and connect- 
ed to first positioning means for accurately position- 
ing the mask with respect to item PL; 
a projection system ("lens") PL (e.g. a projection 
lens) for imaging an irradiated portion of the mask 
MA onto a target portion C (comprising one or more 
dies) of a substrate W: and 
a second object table (substrate table) WT provided 
with a substrate holder for holding the substrate W 
(e.g. a resist-coated silicon wafer), and connected 
to second positioning means for accurately posi- 
tioning the substrate with respect to item PL. 

[0022] As here depicted, the apparatus is of a trans- 
missive type (i.e. has a transmissive mask). However, 
in general, it may also be of a reflective type, for example 
(with a reflective mask). Altematively, the appiaratus 
may employ another kind of patterning means, such as 
a programmable mirror array of a type as referred to 
above. 

[0023] The radiation system may comprise a source 
LA (e.g. a mercury lamp, a Krypton-Fluoride excimer la- 
ser or a plasma source) that produces a beam of radia- 
tion. This beam Is fed into an illumination system (illu- 
minator) IL, either directly or after having traversed con- 
ditioning means, such as a beam expander Ex, for ex- 
ample. The Illuminator IL may comprise adjusting 
means AM for setting the outer and/or inner radial extent 
(commonly referred to as a-outer and a-inner, respec- 
tively) of the intensity distribution in the beam. In addi- 
tion, it will generally comprise various other compo- 
nents, such as a condenser CO and an Integrator IN. 
The condenser CO projects the incoming light to the in- 
tegrator IN. The Integrator IN may. for example, be 
formed of a quartz rod, and is used to improve the in- 
tensity distribution of the beam to be projected over the 



cross section of the beam. The integrator IN thus Im- 
proves the illumination uniformity of the projection beam 
PB. In this way, the beam PB impinging on the mask MA 
has a desired uniformity and intensity distribution in Its 

5 cross-section. 

[0024] The radiation system may further include a re- 
lay optics RL. The relay optics are preferably a sealed 
assembly mounted in the lithography apparatus and 
contains expansion optics, a mirror for directing the pro- 

10 jection beam toward the mask, a further condensor lens 
and a projecting lens. The function of the relay optics 
RL is to image the masking device ■image" plane on the 
reticle mask "focus" plane. The relay optics RL is op- 
tional. Its main functions are to image the blades of the 

15 masking device with a sufficiently small edge width, 
match the entrance pupil function of the projection lens, 
and provide a uniform Illumination of the mask. 
[0025] It should be noted with regard to Figure 1 that 
the source LA may be within the housing of the litho- 

20 graphic projection, but that it may also be remote from 
the lithographic projection apparatus, the radiation 
beam which it produces being led into the apparatus (e, 
g. with the aid of suitable directing mirrors). The current 
invention and claims encompass both of these scenar- 

25 ios. 

[0026] In Figure 1 , the masking device MD is disposed 
between the illuminator IL and the relay optics RL. How- 
ever, as shown in Figure 4, the masking device MD may 
Instead be disposed directly above the mask MA. The 

30 masking device MD Is a spatial filter. Those parts of the 
projection beam falling on the masking device will be 
preferably reflected or absorbed. Only those parts of the 
projection beam not falling on the masking device will 
be transmitted. The masking device projects a "slit" on 

35 to the mask. As discussed below, the masking device is 
controllable to control the dimensions of the slit through 
which the projection beam passes. 
[0027] Either directly after passing through the mask- 
ing device MD, or subsequent to passing through the 

40 relay optics RL, the beam PB intercepts the mask MA . 
which Is held In a mask holder on a mask table MT. Hav- 
ing been transmitted through (or reflected by in the case 
of a reflective mask) the mask MA, the beam PB passes 
through the projection system PL, which focuses the 

45 beam PB onto a target portion C of the substrate W. With 
the aid of the second positioning means (and interfero- 
metric measuring means IF), the substrate table WT can 
be moved accurately, e.g. so as to position different tar- 
get portions C in the path of the beam PB. Similarly, the 

so first positioning means can be used to accurately posi- 
tion the mask MA with respect to the path of the beam 
PB, e.g. after mechanical retrieval of the mask MA from 
a mask library, or during a scan. In general, movement 
of the object tables MT, WT will be realized with the aid 

55 of a long stroke module (coarse positioning) and a short 
stroke module (fine positioning), which are not explicitly 
depicted in Figure 1. However, in the case of a wafer 
stepper (as opposed to a step-and-scan apparatus) the 
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mask table MT may just be connected to a short stroke 
actuator, or may be fixed. 

[0028] The depicted apparatus can be used in two dif- 
ferent modes: 

5 

1. In step mode, the mask table MT Is kept essen- 
tially stationary, and an entire mask Image Is pro- 
jected in one go (Le. a single 'flash') onto a target 
portion C. The substrate table WT is then shifted in 

the X and/or y directions so that a different target io 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 
MT is movable In a given direction (the so-called ^5 
"scan direction", e.g. the Y-direction) with a speed 
V, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V= Mv, in which M is the 
magnification of the lens PL (typically, M= 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. The present invention is particularly 
applicable to the scan mode. However, the Inven- 
tion is not limited in terms of its applicability to syn- 
chronous scanning where the masking device is ar- 
ranged to move together with the patterning means 
or to synchronous scanning where the movement 
profile of the masking device differs from that of the 
patterning means. 

[0029] Figure 2 shows a masking device according to 
an embodiment of the invention. The masking device 
MD comprises a first masking means and a second 
masking means. The masking means may be plates or 
blades or other constructions suitable for selectively ob- 
scuring the location at which the patterning means, 
when in use, Is located. The masking device preferably 
comprises blades 4a, 4b, 6a, 6b, which preferably are 
arranged to fomi two sets of blades: the X-blades and 
the Y-blades. The two sets of blades are mechanically 
uncoupled with respect to one another. That is to say 
that the blades are mounted in such a manner that a 
vibration generated in either an X or Y blade is not trans- 
mitted to a Y or X blade, and vice versa. The mounting 
of the X and Y blades Is described in more detail here- 
inafter. The blades may also be considered as being 
plates or other constructions suitable for obscuring. Ac- 
cording to one embodiment of the Invention, the Y 
blades 4a and 4b are driven, whilst the X-blades 6a and 
6b are stationary during exposure. However, the inven- 
tion is not limited in this respect and the Y-blades may 
be stationary, or the X-blades may be moveable while 
the Y-blades are stationary. The blades which move dur- 
ing scanning, hereinafter referred to the Y blades are 
controlled by software and electronics. The X-blades 
are similarly controlled with software and electronics. It 
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Is noted that according to the cun'ently observed con- 
vention, the Y-blades move together and apart in the Y- 
direction, the Y-direction also being the scanning direc- 
tion, I.e. the direction in vrtiich the mask table and the 
substrate table are moved in a scanning exposure. The 
moving blades are controlled to move according to a de- 
sired scanning profile. At the end of a scanning cycle, 
the blades are arranged to block the light source, thus 
preventing the light source from impinging on the pat- 
terning means. When a scanning cycle begins, the 
blades are controlled to move so that the light source 
impinges on the patteming means. The dimensions of 
the light source determine what is referred to as the 
scanning slit. The dimensions of the scanning slit are, 
In particular, determined by the optical source and the 
quartz rod. The scanning slit width in the Y-direction, 
which is conventionally the scanning direction, is varia- 
ble and will be chosen depending on factors such as the 
dimensions of the mask to be exposed. The blades are 
accelerated to the scanning width as quickly as possi- 
ble. Typical accelerations of the blades are In excess of 
10 m/s/s and up to the region of 45m/s/s. In an open 
position, the Y-blade assembly is scanned at a prede- 
termined scanning speed, typically In excess of 500mm/ 
s, across the mask. Once the mask has been scanned, 
the blades are moved to be arranged so as to block the 
light source, and thus prevent the light source impinging 
on the patterning means. This may be done, for exam- 
ple, by accelerating the open blades towards each other, 
in order to block the slit as quickly as possible. Alterna- 
tively, only one of the blades may be moved in the scan- 
ning direction to block the slit. For example, the trailing 
blade may be moved in the direction of the scan or the 
leading blade may be moved In the direction opposite 
to the scanning direction towards the trailing blade. The 
movements of the blades are not however limited to the 
example described above, and the blades of the present 
Invention may be controlled to move according to any 
predetermined scanning profile. If desired, the blades 
may also be held stationary, either closed or at a con- 
stant slit width. 

[0030] The control means for the blades Includes a 
driver 8 for generating high level commands, which are 
fed to a motion controller 7. Typically, the driver 8 is a 
software driver. From the high level commands, the pro- 
grammable motion controller 7 generates control sig- 
nals which are fed to an amplifier 6 which generates a 
current In accordance with the control signals to drive 
motor windings 1. Also provided is a position measure- 
ment device 3, which provides data concerning the po- 
sition of the blades 4a,4b,6a.6b. This data Is fed back 
via the amplifier 6 to the motion controller 7. 
[0031] At least a part of the motor to drive the blades 
is incorporated into the blades or the blade support 
member. It is seen in Figure 2 that each blade is provid- 
ed with a motor 1 ,2 and a positioning measuring means 
3. The motor 1 ,2 comprises at least one motor winding 
1 , which does not come into contact with the blade it 
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drives, and a magnet 2. The magnet is mounted directly 
on an Intermediate portion 19 around which the motor 
windings 1 are disposed. The intermediate portion 19 
on which the magnet 2 is disposed resembles a "pan 
handle' of the blade support member for the X blades, 
and for the Y blades the magnet is integrated at the rear 
end of the blades, that is the end remote from the optical 
blade edge. The intermediate portion may be construct- 
ed out of the same material as the blade, however this 
is not essential. Also, it is not essential that the blade 
and the intermediate portion 19 be constructed from a 
single piece of material, 

[0032] Preferably, the blades are supported by blade 
support members. Preferably, the blade support mem- 
bers for the Y-b!ades comprise non-contact bearings. 
The motors 1 ,2 described above are preferably non- 
contact linear motors. These features reduce the mov- 
ing mass of the blades and enhance durability. Further 
the use of non-contact bearings and motors reduce fric- 
tional forces, which in turn allows the blades to be sub- 
ject to higher accelerations without causing disturbanc- 
es to other components in the system. This also results 
in improved accuracy of the blade mobility, with the 
blades being able to be moved at higher speeds and 
accelerated at higher accelerations. 
[0033] In Figure 2 the action of the driver 8 is trans- 
lated to the blades via the intermediate portion 19. The 
motor coils are preferably provided on the blade support 
and are arranged to surround the intermediate portion 
19, rather than on the blades as is conventional. This 
arrangement provides the benefit that there are no mov- 
ing cables and hoses, because the heat generating coils 
are disposed on a fixed frame. Thus, a longer lifetime Is 
achieved. This arrangement provides the additional 
benefit that no cables are required to be connected to 
the moving parts, there is no cross talk between motors 
driving the moving parts, and the lifetime of the appara- 
tus is increased. Preferably, magnet 2 is provided with 
the blade(s) which responds to the drive signal. It has 
been demonstrated that blades constructed and driven 
according to the present invention can support scanning 
at the wafer stage at speeds up to 550 millimetres per 
second, and can further be subject to a blade accelera- 
tion of 45metres/second/second whilst maintaining a 
tracking error of less than 10 micrometres. By reducing 
the number of moving parts in the drive mechanism and 
on the blades themselves an improved reliability has 
been observed. Also, slip for example, between moving 
parts has been eliminated. 

[0034] Also, to be seen In Figure 2 is a plan view of 
the mask table MT (and mask MA) showing its location 
relative to an embodiment of the masking device. The 
mask table MT is itself movable by means of positioning 
means (not shown). 

[0035] In an embodiment, the masking device may be 
provided on the mask table MT and so the masking de- 
vice MD moves with the mask table MT because it is 
mechanically coupled to it. In other embodiments, the 



masking device MD maybe coupled electronically, mag- 
netically or electrostatically to the mask table MT Pref- 
erably, the masking device is demountable. Altemative- 
ly, the masking device MD can be coupled to the long- 

5 stroke or short-stroke module of the positioning means 
PM rather than the mask table MT itself. 
[0036] In Figure 2, two pairs of blades 4a,4b,6a,6b are 
used to provide selectivity in terms of the extent the 
mask MA (or the patterned beam) is obscured using the 

10 masking device MD and are moveable in the directions 
indicated by the arrows. As can be seen from Figure 2, 
the two blades 4a,4b are mounted perpendicularly to the 
blades 6a,6b via non-contact linear motors 1,2. The 
blades 4a.4b move together and apart In the Y-direction 

15 (Y-blades) and the blades 6a,6b move together and 
apart in the X-direction (X-blades). In Figure 2 all four 
blades may be coupled via the motion controller 7 and 
the driver 8 to the motion controller and driver of the pat- 
teming means. 

20 [0037] As previously described, it can be seen there- 
fore that the blades in general perform two types of 
movements. The first are movements to block or un- 
block one of the light source impinging on the patterning 
means or patterned beam. These movements include 

25 closing/opening movements In which the two blades of 
a pair move relative to one another so as to adjust the 
part of the mask or patterned beam which is obscured. 
The second are tracking movements in which both 
blades of a pair move by the same vector so as to keep 

30 track of movements of the mask table. As already dis- 
cussed, the tracking movements are carried out auto- 
matically when the blades are coupled directly to the 
mask table. 

[0038] It is further added that in the embodiments 

35 shown in Figures 1 -4, during scanning, the X-blades are 
stationary. However, the X-blades are not limited in this 
respect. Motors are provided in order to move the X- 
blades with respect to one another. 
[0039] Figure 3a shows a three dimensional overview 

40 of the masking device MD. In particular it Is seen how . 
the X-blades 6a,6b and Y-blades 4a,4b are disposed 
with respect to the integrator housing 9 (comprising, eg. 
integrator IN), In Figure 3a, in the direction of the pro- 
jection beam PB, the Y-blades 4a,4b are disposed 

45 downstream of the X-blades 6a,6b. In the embodiment 
shown, the X-blades are constructed to withstand the 
thermal impact of the projection beam PB. However, in 
an alternative embodiment, the Y-blades 4a, 4b may be 
disposed upstream of the X-blades 6a,6b. Figure 3a en- 

50 ables the shapes of the slit forming blades to be seen. 
[0040] Figure 3b shows a cross section In the YZ 
plane of part of the lithographic apparatus shown in Fig- 
ure 1 showing the masking device MD according to an 
embodiment of the Invention, 

55 [0041] With reference to Figure 3b. the masking de- 
vice of the present invention, in particular features of the 
blades, and their arrangement with respect to each oth- 
er and other components of the lithographic apparatus 
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are described in further detail. According to certain as- 
pects of the present invention, the construction and ar- 
rangement of the two sets of blades results in a decou- 
pling of the two sets of blades from one another and from 
mechanical coupling of the blades to the frame. In an 
embodiment of the invention, the blades float on air 
bearings, rather than being mechanically coupled to the 
frame. Thus, the Y blades, in particular, are not subject 
to disturbances from the X-blades or from the frame, 
such as vibrations. In particular, and in contrast to con- 
ventional masking devices, the X and Y blades are con- 
structed to be arrangeable so that their position and mo- 
bility is not directly determined by the position and mo- 
bility of the other set of blades. Uncoupling the blades 
results in a minimization of the moveable mass. Where- 
as conventional movable blades weigh In excess of 600 
grammes, blades according to the present Invention 
weigh In the order of 100 grammes. This has been 
achieved by the use of inter alia a direct drive, where 
the magnets of the driving motor are integrated into the 
blade or blade support member, and the mechanical de- 
coupling of the two sets of blades from each other. 
[0042] Figure 3b shows the integrator IN, which Is 
preferably a quartz rod, mounted In Integrator housing 
9. Also shown is the masking device MD disposed 
downstream of the integrator IN in the direction of the 
projection beam PB. A portion of the relay optics RL is 
also shown disposed downstream of the masking de- 
vice MD. The mask MA (not shown) to be exposed Is 
disposed downstream of the relay optics in the direction 
of the projection beam PB. The masking device MD 
comprises two sets of blades 4, 6 arranged to selectively 
obscure part of the mask MA from the radiation beam. 
The Y blades 4 are movable together and apart In the 
Y-direction, which is also the direction of scanning of the 
mask. In principle, the X-blades 6 are not moved with 
respect to each other during a scan. Thus, the distance 
between the X-blades during a scan is constant. How- 
ever, the X-blades 6 may be moved with respectio each 
other if required by the scan profile, as determined by 
the width of the image on the mask. 
[0043] It will be appreciated that the position of the 
masking device with respect to the radiation system and 
the mask is Important, The radiation system l^, Ex, IL 
generates a beam having a focal plane 10, conrespond- 
ing to a plane substantially conjugate to the filed plane 
of the mask, at a predetermined location depending on 
the optical components of the radiation source, Illumi- 
nator and relay optics. Although Figure 3b shows the 
focal plane at location 10, the focal plane may vary. In 
which case adaptation of the position of the blades In 
the Z-direction with respect to the focal plane may be 
necessary, preferably, using a Z manipulator as shown 
In Figure 8, 

[0044] In conventional masking devices, all blades 
have a certain thickness which is necessary in order for 
the mechanical stability of the blades and for them to be 
able to withstand the thermal load which the blades are 



subjected to by the radiation which they block. A conse- 
quence of this is that in conventional masking devices 
all blades are coupled together and must be disposed 
In the focal plane of the beam. Conventionally, it is not 

5 possible to decouple the X and Y blades because their 
thickness precludes them from both being disposed 
within the critical limits of the focal plane. The inventors 
of the present invention have found that it is possible to 
dispose the blades not directly In the focal plane yet still 

10 be able to project sharp optical edges of the slit onto the 
mask. In particular, if the end of the quartz rod is dis- 
posed at one end of the margins of the focal plane in the 
Z-direction and the Y-blades are disposed at the oppo- 
site end of the margin In the Z-directlon, It has been 

15 found that space is provided to dispose the X-blades in 
a mechanically decoupled manner from the Y-blades, 
whilst still allowing a sharply focused slit to be projected 
on to the patterning means. Preferably, however, for op- 
timum masking the blades are disposed within a certain 

20 distance of the focal plane 1 0 of the beam, which is pref- 
erably in the order of 50 micrometers. 
[0045] In Figure 3b, the stationary blades 6, also re- 
ferred to as the X blade, are preferably disposed at a 
distance less than 200 micrometres, and preferably 

25 within a distance 11 of approximately 100 micrometres 
from the movable blades 4. The focal plane 10 in the 
example shown lies between the stationary and the 
movable blades. Associated with the Integrator IN are 
tolerances. The distance between the downstream end 

30 plane of the quartz rod of integrator IN and the integrator 
housing 9 plus tolerances Is shown by arrow 13. The 
stationary blades are disposed a distance 12 from the 
end of the quartz rod plus tolerances 13. Preferably, the 
distance 12 is less than 100 micrometres. The distance 

35 between the end of the quartz rod and the focal plane 
of the beam is shown by arrow 1 4, and Is typically of the 
order of 300 to 600 micrometres. 
[0046] It is seen from Figure 3b that the stationary dur- 
ing scanning (or X) blades are of a thinner construction 

40 than the movable during scanning (or Y) blades and that . 
the stationary blades are disposed in the beam up- 
stream of the movable blades. This construction is dis- 
cussed in more detail hereinbelow. The invention is not 
limited to the example given below. It is envisaged that 

45 the stationary during scanning blades may alternatively 
be thick and the moving during scanning blades may 
alternatively be thin. 

[0047] The masking device, and in particular the 
blades, are subject to large thermal stress from the pro- 

50 jection beam radiation. As mentioned above, the ther- 
mal load on the blades is a reason why blades in con- 
ventional masking devices have a large thickness, of the 
order of 1 to 3 millimeters. In addition, cooling of con- 
ventional blades is limited. The energy of the radiation 

55 blocked by the masking device is a problem for masking 
devices because it can affect the apparatus compo- 
nents and the blades themselves. To address this prob- 
lem, the blades may be provided with a surface which 
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is reflective to the projection beam radiation. In the par- 
ticular example, the blades are provided with an ultra 
violet reflecting coating. This alone however, may not 
be sufficient, and in addition, may not be permitted for 
all light source wavelengths envisaged to be used with s 
the present invention. 

[0048] It has been found that by providing sufficient 
cooling means to the blades, in particular, to the up- 
stream blades, in the example shown in Figure 3b. In 
other words the stationary X-blades. the thickness of the io 
blades can be reduced. In one embodiment, the station- 
ary blades are asymmetrically cooled with respect to the 
moving blades, i.e. the amount of cooling applied to the 
stationary, or upstream, blades Is different from that ap- 
plied to the other set of blades, and preferably the is 
amount of cooling is greater. It has further been found 
that by cooling the X-blades to a sufficient degree, the 
thickness of the X blades can be reduced. If the cooling 
Is sufficient, the X-blades are made sufficiently thin, so 
that there is enough space to allow the Y-blade to be 20 
downstream of the X-blade whilst still lying within the 
sufficiently small distance of the focal plane to allow a 
sufficiently sharp slit to be projected onto the patterning 
means. 

[0049] According to a preferred embodiment of the 25 
present invention cooling ducts are provided in the blade 
support member. Such ducts allow conventional air hos- 
es to be dispensed with. The ducts may have various 
configurations and may be used for supplying various 
coolants, such as air and/or water, in order to cool. For 30 
cooling, ducts are provided in the blade support mem- 
ber. Coolant is fed from an inlet provided on the support 
member to an outlet via the ducts. The outlet preferably 
comprises an opening provided In the support member. 
The ducts are preferably disposed adjacent the blade to 35 
be cooled. The water is circulated via the ducts under- 
neath the blades to an outlet also preferably provided 
on the frame. Cooling of the masking device MD Is de- 
scribed In more detail with reference to Figures 6 and 7 
below. ^0 
[0050] In view of the harsh environment in which the 
blades are disposed, the choice of material for the 
blades. In particular, the X-blade Is important. The 
choice material for the X and Y blades provides an op- 
timum combination of thermal expansion co-efficient (al- 
pha), thermal conductivity (lambda), wear resistance 
and reflection co-efficient for ultra violet and deep ultra- 
violet radiation. Accordingly, blades shown in the figures 
may be made of, for example, a ceramic or diamond ma- 
terial. Preferred materials for the blades are chemical so 
vapour deposition diamond (CVD diamond), aluminium, 
tungsten copper alloy and silicon carbide, all of which 
exhibit a good combination of the required properties. 
In particular, CVD diamond Is prefenred. The thickness 
of the X-blade is preferably in the order of approximately 55 
0.4mm in the direction of the projection beam. In addi- 
tion to those properties mentioned above, it is important 
that the material of the X-and Y-blades has a high 
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Young's modulus and low density. In order that the 
blades whilst being stiff are as light as possible, in order 
to reduce the moving mass of the blades. The Y-blade 
shown In the figures may be made of, for example, alu- 
minium or an aluminium beryllium alloy (AlBe). Pre- 
ferred materials for the Y-blades include metal matrix 
composites, ceramics, diamond, beryllium alloys and 
graphite. The thickness of the Y blades is in the order 
of 6mm. However, In addition to those materials men- 
tioned above, the blades can also be made of any ap- 
propriate material, which in general comprise materials 
that can withstand the radiation, are rigid and light- 
weight, or can be provided with coatings having these 
properties. Further, some materials, such as certain ce- 
ramics have the advantage that it can include one or 
more cooling channels in It, as described in European 
Application Number 00304336.1 (applicant's ref: P- 
01 83) which is hereby Incorporated herein by reference, 
to remove heat due to Incident radiation. 
[0051] It has been found that an anti reflective coating 
on non-polished surfaces of the blades cuts down un- 
wanted reflections in the masking device assembly. This 
results in an improvement in the accuracy of the pattern- 
ing of the beam. 

[0052] Figure 4 shows a cross-section of the masking 
device of Figure 2 in the Y-Z plane. In particular. Figure 
4 shows the stacking of the X and Y blades. The X-blade 
6 is shown In plane. The masking device MD is disposed 
above the mask. In addition In Figure 4, It Is seen that 
the X-blade 6 is mounted on a blade support member 

15, on which a heat sink 16 is provided, A clamping de- 
vice 1 7 is provided to clamp the X blade to the heat sink 

16. so that good thermal contact between the X blade 
and the heat sink promotes cooling of the X blade. In 
one embodiment, the masking means comprises a 
blade mounted on the blade support, wherein a layer 18 
of material having a high thermal conductivity is dis- 
posed between said blade and said blade support. 
[0053] Figure 5 shows the X blades 6 mounted on a 
first blade support member 15 which provides support 
to the blades. The support member 15 comprises a U- 
shaped member 22, wherein opposite edges 6c, 6d of 
each blade are supported by opposite arms of the U- 
shaped member. The support member 1 5 also includes 
portions 23 extending from the bottom of each corner of 
the U-shape. To support two blades, two U-shaped 
members together form an H-shaped member. Cooling 
means 24a are provided in the support member 15. In 
particular, liquid, for example, water, cooling is provided 
by cooling ducts 24a, although, the ducts could also be 
used for gas cooling. In one embodiment, ducts 24b may 
supply gas to the gas bearings of the X blades. It is com- 
mented that the gas supplied by ducts 24b also contrib- 
utes to cooling of the blades. In the embodiment shown 
in Figure 5, the gas ducts 24b are disposed further from 
the blade than the water cooling ducts 24a. In particular, 
the gas and liquid ducts 24a, 24b are substantially par- 
allel ducts disposed on opposite sides of support mem- 
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ber 1 5 . In addition to. or optionally to the cooling means 
described above, the support member 15 may be pro- 
vided with additional features which enable the masking 
device to exhibit an improved reaction to thermal stress, 
including thermal cycling. Support member 15 may be 
provided with movement limiting means 50 which mini- 
mize movement of the support member, such as flexing, 
bending etc, during thermal stress. The movement lim- 
iting means 50 comprise features 51 , 52 formed In the 
support member 15. The features may take various 
forms and configurations. In the embodiment shown in 
Figure 5, the features comprise slots 52 joined at hinges 
51. The hinges 51 are formed by holes bored into the 
support member 15. The features provide the structure 
with a certain degree of flexibility. It has been shown that 
by arranging the movement limiting means In a particu- 
lar way, the support member's reaction to thermal stress 
is moderated significantly. The dimensions and config- 
urations of the features, such as the slots and wings will 
depend on factors such as the materials of the support 
member and the thermal stress characteristics. Also 
provided on the support member 15 are clamping 
means 60. The clamping means comprises one or more 
fingers which extend from the support member 15 to 
clamp the blade. 

[0054] Figure 6 shows further embodiments of the X- 
blades mounted on a first support member 15. As de- 
scribed with reference to Figure 5, opposite edges 6c, 
6d of the X-blade 6 are mounted on opposite arms of 
the U-shaped support member 15. The motor magnets 
2 are mounted on a magnet support member 23. The 
magnet support member 23 comprises a portion dis- 
posed between the opposite arms of the U-shaped sup- 
port member 15. In Figure 6, the two magnets 2 are 
shown, which are part of the motor (not shown In Its en- 
tirety) which drives the blades. Also provided on support 
member 1 5 Is a cooling structure 16,19, 24. The cooling 
structure 16, 19. 24 comprises portions 16 mounted on 
each arm of the support member 15, Inlet 19 through 
which coolants may be introduced into the coolant struc- 
ture 16, 19, 24. The structure is provided with coolant 
ducts 24 (shown in dotted lines) extending through the 
coolant structu re, preferably along the length of the cool- 
ant structure. Also provided Is a connecting conduit for 
connecting the coolant ducts in each cooling portion 16 
mounted on each arm of the support member 15. One 
of the cooling inlets 19 may also function as a cooling 
outlet 19 to allow the circulated coolant to leave the 
structure 16, 24. The cooling means may provide cool- 
ing by various fluid coolants, both gases and liquids. A 
preferred coolant is water. 

[0055] The portions of the cooling structure are pro- 
vided on the supporting member 15 to preferably align 
with the opposing edges 6c, 6d of the X-blade, respec- 
tively. In the embodiment shown in Figure 6, the X-blade 
is supported directly by the cooling structures 1 6. How- 
ever, the invention is not limited in this respect, and the 
X-blades may be supported by the frame of the support 



member. Also provided on the support member to clamp 
the blade in place is a clamping device 1 7. The clamping 
device 17 comprises a plurality of resilient means ar- 
ranged in use to attach to a surface of the X-blade along 

5 the edge 6c. 6d of the X-blade in the X direction. The 
resilient means comprise an L shaped spring which ex- 
erts a force downwards through the blade in the Z-di- 
rection. Lateral movement in the X-direction is prevent- 
ed by the provision of a further clamping means 20, 21 . 

10 Clamping means 20, 21 comprises a stop 20 and a re- 
silient means 21 disposed at opposite edges 6e, 6f of 
the X-blade in the X-direction, wherein resilient means 
21 is arranged to exert a force on the X-blade in the X- 
direction towards stop 20. The resilient means 21 may 

15 comprise a spring and the stop 20 may comprise a fixed 
anvil. In Figure 6 resilient means 21 is configured from 
a flat portion material. An L-shaped cut is provided in 
the flat piece of material to provide resiliency. It will be 
appreciated that the resiliency of the clamping means 

20 can be determined according to the choice of material 
and the dimensions of the cut in the portion. It has been 
found that the combined clamping effect in the Z-direc- 
tion by clamping device 17 and in the X-direction by 
clamping device 20. 21 provide stable and accurate re- 

25 tention of the X-blade. In particular, the X-blade is pre- 
vented from moving forward in the X direction. 
[0056] It has been found that it is important to provide 
good thermal conductivity between the X-blade; which 
Is subject to large thermal stresses, and the slider, and 

30 that clamping of the blade to the slider must be effective 
and secure regardless of any thermal expansion expe- 
rienced by the slider, the blade and any clamping com- 
ponents. For the Y-blades;the term "slider" refers to the 
Y-blades themselves. For the X-blades. the term "slider" 

35 refers to the blade support member, of which the blades 
are a part. It has further been found that satisfying these 
two conditions causes problems in conventional mask- 
ing assemblies. To overcome this problem, in a pre- 
ferred embodiment, a double sided clamping mecha- 

40 nlsm Is provided as shown in Figure 6. In this embodi- . 
ment, the X-blade Is clamped with clamping devices 17 
on both sides of its support member 15, as discussed 
above. Clamping device 17 clamps the upper surface of 
the X-blade. This arrangement provides the advantage 

45 that thermal expansion of the clamping and clamped 
components is compensated equally in the X-direction, 
whilst keeping the blade securely clamped, and hence 
accurately aligned. In a further preferred embodiment, 
a layer of silver foil is disposed between the blade and 

so the cooling body. The silver layer has good thenmal con- 
ductivity. This an'angement provides a further particular 
advantage of reducing the hot spot temperature whilst 
maintaining good thermal contact between the blade 
and the cooling body. The hot spot is defined as being . 

55 the center of the blade, and is located in the vicinity of 
reference number 6. The arrangement shown in Figure 
! 6 allows the blade to expand in the Y-direction between 
clamps 1 7 disposed on either side. This means that un- 
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der thermal load, the front edge of the blade 6e remains 
substantially In the same position in the X-direction, thus 
maintaining a sharp shadow projection. Thus, under 
thermal load, the X-blade exhibits almost no noticeable 
deterioration in the accuracy of Its masking perform- 
ance. 

[0057] Also shown in Figure 6 are blade dampers 1 8 
disposed on the respective ends of opposite arms of the 
support member 1 5, which are In the form of buffers, 
which function to lessen or absorb the shock of any dis- 
turbance exerted on the support member 15. The sup- 
port member 15 is also provided with gas bearings (not 
shown) on the rear side of the support member. Also 
provided are gas bearing preload strips 22. which are 
used to preload the gas bearing provided on the support 
member 15. The gas bearing preload strips 22 are pref- 
erably made of a metal, such as iron. In the housing in 
which the masking device is disposed, adjacent the sup- 
port member 1 5, In the stationary portion of the housing, 
there is provided magnets which can form part of the 
gas bearings. The magnets are arranged in the housing 
so as to exert a force on the preload strips 22. The gas 
bearing exerts an opposite force to that exerted by the 
magnets. Thus, by providing a constant magnetic force 
and a constant gas pressure, a well defined stiffness of 
the gas bearings is achieved, 
[0058] Figu re 7 provides apian view of a second sup- 
port member 70 for the Y-blades 4a, 4b showing in par- 
ticular a gas bearing which is in use supports the Y- 
blades and the cooling structures. Y-blades 4a and 4b 
are shown in dotted outline disposed in a recess 79 
formed in the second support member 70. Also shown 
in the centre of the recess 79 Is an outline of a through 
hole 82 formed In the support member 70 through which 
the projection beam passes (and over which the Y- 
blades move in part). Also shown in Figure 7 is detail of 
the gas bearing which supports the Y-blades. A gas inlet 
71 Is provided in the support member 70. Gas Is Intro- 
duced through the Inlet 71 and passes through duct 80 
formed In the support member 70. A slightly raised por- 
tion 74 is formed on the floor of the recess 79. The duct 
80 is connected to openings 75 formed in the raised por- 
tion 74. When gas Is introduced into inlet 71 the Y blade 
disposed in recess 79 is supported by the gas leaving 
openings 75. In use, the Y-blade is uncoupled from the 
support member 70. Thus, It Is not susceptible to friction 
between it and the support member 70, This allows the 
Y-blades to be moved using less energy, and thus allows 
the Y-Wades to be accelerated at increased rates. As 
shown in Figure 7, a plurality of gas bearings may be 
provided. The Y-blades are mechanically Isolated, in 
use, from the machine. 

[0059] The scanning Y blades require cooling. The 
blades are guided with gas bearings as described 
above. The second supporting member 70 comprises a 
gas bearing surface 76. The gas bearing surface Is sta- 
tionary and is fluid cooled by a cooling system 72, 73, 
81 . The Y-blades are also cooled by the cooling system 
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72, 73, 81 . Ruid coolant, preferably water, is Introduced 
through inlet 72 formed in support member 70. The fluid 
is fed to outlet 73 fomned in the support member 70 via 
a duct 81 . The duct is preferably configured in the sup- 

5 port member 70 to transverse the width of the Y-blade 
when disposed In said recess. In use, the gas bearing 
causes the Y-blade to be raised above the floor of the 
support structure by approximately 10-20 micrometers. 
Heat conduction takes place from the blades through / 

10 the gap fomned between the underside of the blades and 
the gas bearing surface 76 of the cooled gas bearing. 
The advantage of this particular arrangement is that the 
\ blades can be satisfactorily cooled without the provi- 
sion of gas or liquid hoses connected to the moving 

15 blade. This benefits the lifetime and accuracy of the 
masking device, as well as reduces the moving mass of 
the Y-blade assembly. 

[0060] In a further preferred embodiment, the X- 
blades are controlled to act as a heat shield in the case 

20 of the Y-blades becoming overheated. For example, if 
the Y-blades are disposed In a closed arrangement, 
whilst the X-blades are disposed in an open or partially 
open arrangement, the projection beam will impinge ful- 
ly or partially (depending on the distance between the 

25 X-blades) on the Y-blades. This may cause the Y-blades 
to overheat. However, In addition it may cause the gas 
bearing described with reference to Figure 7 to be dam- 
aged. To prevent this from occurring, the X-blades are 
controlled to move to block the light impinging on the Y- 

30 blades. In particular, for a particular dosage. If light im- 
pinges on the Y-blades for longer than a predetermined 
time duration, the controller will cause the X-blades to 
move into a position which shades the Y-blades from 
the optical source. In this way the X-blades function as 

35 a thermal shield to protect the Y-blades. As described 
previously, the X-blades are constructed to be robust 
with respect to the projection beam, being able to with- 
stand the full impact of the projection beam without suf- 
fering adverse effects. 

40 [0061 ] It will be appreciated with reference to Rgures . 
5, 6 and 7, that the first and second masking means are 
arranged in the apparatus, mechanically uncoupled with 
respect to each other. In particular, the first and second 
support members are mechanically uncoupled. Prefer- 

45 ably, the X-blade and Y-blade assemblies are modular 
units. The X-blade assembly and the Y-blade assembly 
are two separate modules that are assembled and test- 
ed independently from one another. The complete mod- 
ules are assembled with respect to one another as 

50 shown in Figures 2-4 and 8 for use. To do this certain 
parts of the X-blade assembly and Y-blade assembly are 
coupled to each other. However. It Is not necessary to 
couple the X blades with respect to the Y blades. This 
provides an advantage that disturbances including vi- 

55 brations caused by the movement of the X blades do 
not affect the Y-blades, and vice versa. Thus, the mask- 
ing assembly is easier to assemble and test than con- 
ventional assemblies. In particular, separate compo- 
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nents can be assembled and tested without having to 
disassemble the entire assembly. This saves time and 
man hours. 

[0062] It has been found that during operation elec- 
trostatic charge may build up in the lithographic appa- 
ratus. This may have a detrimental effect on certain sen- 
sors and electronic circuits. To overcome this problem, 
In a preferred embodiment, at least one of the blades is 
provided with an electrostatic discharge rod which con- 
ducts electrostatic charge towards it, and thus away 
from sensitive sensors and electronics. This arrange- 
ment has an advantage of protecting electrostatic sen- 
sitive components. The rod may be disposed on either 
the X or the Y or both blades. However, preferably, the 
rod is disposed on the Y blades. Preferably, it comprises 
a thin tapered rod mounted on one of the blades. Its di- 
mensions and material are chosen to provide optimum 
electrostatic conduction whilst having a minimum mass. 
The rod may, by way of example, be made of copper. 
[0063] The motors for driving the blades are control- 
led by software which comprises a list of instructions to 
control the motors. In conventional blade assemblies, it 
is known for blades to collide with one another. This may 
not only damage the blades but will affect production if 
the apparatus is shut down for repairs. In a preferred 
embodiment, sensors are provided which detect the po- 
sition of the blades and provide feedback to the control 
means. The software which provides the instructions to 
the motors Is adapted to take account of the sensed po- 
sition data, and is designed to preclude the possibility 
that the blades come into contact with each other. In this 
way, the control software which drives the motors pre- 
vents collision of the moving X or Y blades, and further 
collision between an X and a Y blade. 
[0064] As mentioned previously with reference to Fig- 
ures 3 a and 3b. it may be necessary to adjust the po- 
sition of the blades in the Z-direction In order to align the 
blades correctly with respect to the focal plane and other 
components. Conventionally, this is achieved by moving 
the entire assembly comprising the X and Y blade as- 
semblies over the frame that supports them. This is In- 
convenient and cumbersome, 
[0065] Figure 8 shows an embodiment of the present 
invention detailing features which overcome this prob- 
lem. In particular, Figure 8 shows a manipulator screw 
25 for manipulating the position of the X and Y blades 
in the Z-direction. that is in the direction of the optica! 
axis. A frame 27 is provided within the X and Y assem- 
blies as shown in Figures 6 and 7, respectively, are 
mounted. The X and Y assemblies are denoted by ref- 
erence numeral 28 In Figure 8, and are supported by 
frame 27. The projection beam projects through opening 
31 in the Z direction. It is seen that the Z-manipulator 
screw 25, when turned, exerts a force on a base plate 
26, which Is provided with manipulator hinges. The 
frame 27 supporting the X and Y (sub) assemblies re- 
mains fixed on its own supporting frame. Preferably, the 
2-direction manipulator 25 is integrated In the frame 27. 
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[0066] In particular, the Z manipulator is an adjusting 
means that comprises a screw 25 which acts on a resil- 
ient member, which in turn exerts force in the Z-direction 
on the X- and Y- assemblies 28. Also provided is a Z 

5 manipulator locking screw 29 and a further Z manipula- 
tor locking device 30, which maintain the X- and Y- as- 
semblies in the desired location in the Z direction once 
the desired position has been achieved. 
[0067] It has been found that it Is important that the 

10 blades, in particular the X-blade which Is usually dis- 
posed upstream of the Y-blade, does not come Into con- 
tact with the end of the quartz rod of the integrator IN, 
because if it were to, the quartz rod may become dam- 
aged. To overcome this problem, a sensor is provided 

15 in the vicinity of the downstream end of the quartz rod 
to sense if the blade comes within a predetermined dis- 
tance of the exit surface of the quartz rod. If the sensor 
detects that the blade is within the predetemiined dis- 
tance of the exit surface, the detected signal may be 

20 used by an operator to control the Z manipulator to move 
the blade away from the exit surface in the Z direction. 
This arrangement Improves the reliability of the appara- 
tus, and reduces the risk of damaging the integrator IN. 
[0068] Whilst specific embodiments of the Invention 

25 have been described above, It will be appreciated that 
the invention may be practiced othenwise than as de- 
scribed. The description Is not intended to limit the In- 
vention. 

30 

Claims 

1 . A lithographic projection apparatus comprising: 

35 - an illumination system for providing a projection 
beam of radiation, wherein said illumination 
system defines a focal plane through which, in 
use, said projection beam passes; 
a support structure for supporting a patteming 

40 means at a location, the patterning means sen/- . 

Ing to pattern the projection beam according to 
a desired pattern; 
- a masking device for obscuring at least a part 
of said patterning means from said projection 

45 beam, said masking device comprising a first 

masking means arranged to obscure said part 
in a first direction with respect to said location 
and a second masking means arranged to ob- 
scure part of said location in a second different 

so direction with respect to said location; 

a substrate table for holding a substrate; 

a projection system for imaging the patterned 

beam onto a target portion of the substrate, 

55 characterized In that said first and second mask- 
ing means are disposed In the vicinity of said focal 
plane in a mechanically uncoupled arrangement 
with respect to each other. 
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2. A lithographic projection apparatus according to 

claim 1 , wherein each of said first and second mask- 
ing means is supported on respective separate first 
and second support meml)ers. 

3. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first 
masking means is provided with cooling means. 

4. A lithographic projection apparatus according to 
claim 3, wherein said cooling means comprises a 
cooling structure which is Incorporated into said first 
support member. 

5. A lithographic projection apparatus according to 
claim 4, wherein said cooling structure includes an 
inlet through which a cooling fluid is introduced, a 
cooling duct through which said cooling fluid pass- 
es, and an outlet through which said cooling fluid 
exits said cooling structure. 

6. A lithographic projection apparatus according to 
any of the preceding claims 3-5, wherein said cool- 
ing means provides water cooling. 

7. A lithographic projection apparatus according to 
any of the preceding claims 3-6, wherein said sec- 
ond masking means is provided with cooling means 
and wherein said first masking means and said sec- 
ond masking means are cooled to a different degree 
with respect to each other. 

8. A lithographic projection apparatus according to 
any of the preceding claims 2-7, wherein said first 
masking means comprises a blade mounted on said 
blade support, wherein a layer of material having a 
high thermal conductivity is disposed between said 
blade and said blade support. 

9. A lithographic projection apparatus according to 
claim 8, wherein said material is silver. 

10. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first 
masking means comprises a blade having a thick- 
ness in the direction of the projection beam of less 
than 0.5 mm. 

11. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first and 
second masking means comprise first and second 
pairs of moveable blades, respectively. 

12. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first 
masking means comprises a plate made of one of 

the materials selected from a group comprising: 
chemical vapour deposition diamond, aluminium, 



tungsten copper alloy and silicon carbide. 

13. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first and 

5 second masking means are driven by non-contact 
linear motors, respectively. 

14. A lithographic projection apparatus according to 
claim 13, wherein said second masking means are 

10 provided with a magnet which form part of said re- 
spective non-contact linear motor. 



15. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first and 

15 second masking means comprise a pair of blades 
arranged to move together and apart in the X and 
Y-direction, respectively. 

16. A lithographic projection apparatus according to 
20 any of the preceding claims 2-1 5, wherein said sec- 
ond masking means is supported on said second 
support member by a gas bearing. 

17. A lithographic projection apparatus according to 
25 claim 1 6, wherein said gas bearing cools said sec- 
ond masking means. 



18. A lithographic projection apparatus according to 
claim 17, wherein said second support member 
comprises a gas bearing surface through which gas 
passes to support said second masking means, 
said support member further comprising a cooling 
structure to cool said gas bearing surface. 

19. A lithographic projection apparatus according to 
claim 18, wherein said cooling structure comprises 
an inlet through which a coolant is introduced, a 
duct through which said coolant passes and an out- 
let through which said coolant exits said structure. 
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21. A lithographic projection apparatus according to 
any of the preceding claims, wherein said first 
masking means, when disposed in a closed posi- 
tion, acts as a shutter to protect said second mask- 
ing means from said projection beam. 



22. A lithographic projection apparatus according to 
55 any of the preceding claims, wherein said first 
masking means and said second masking means 
are modular units. 
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23. A lithographic projection apparatus according to 

any of the preceding claims, wherein at least one of 
said masking means is provided with an electrostat- 
ic discharge device. 

24. A lithographic projection apparatus according to 
claim 23. wherein said electrostatic discharge de- 
vice comprises a rod mounted on a blade of at least 
one of said rnasking means, so as to direct an elec- 
trostatic charge away from particular components 
of the apparatus. 

25. A lithographic projection apparatus according to 
any of the preceding claims, wherein a pair of 
blades of any of said masking means are controlled 
by a controlling means to avoid collision between 
each blade of the pair. 

26. A lithographic projection apparatus according to 
any of preceding claims 2-25, wherein said support 
members are provided with adjustment means for 
adjusting the position of said first and second mask- 
ing means in the direction of the projection beam. 

27. A lithographic projection apparatus according to 
claim 26. wherein said adjustment means compris- 
es a screw which acts on a resilient member, said 
screw and said resilient member being mounted on 
a frame. 

28. A lithographic projection apparatus according to 
any of the preceding claims, wherein the second di- 
rection defines a scanning direction in the Y-direc- 
tion, the first direction defining a non-scanning di- 
rection in the X direction, said X direction being sub- 
stantially perpendicular to said Y-direction. 



an illumination system; 

providing a support structure for supporting a 
patterning means at a location, the patterning 
means serving to pattern the projection beam 

5 according to a desired pattern; 

- selectively obscuring part of at least one of said 
patterning means from said projection beam 
and the patterned beam, using a first masking 
means to selectively obscure said part in a first 

10 direction with respect to said location, and us- 

ing a second masking means to selectively ob- 
scure said part in a second different direction 
with respect to said location, 
projecting the patterned beam of radiation onto 

15 a target area of the layer of radiation-sensitive 

material, 

characterized by disposing said first mask- 
ing means and second masking means in the vicin- 
20 ity of a focal plane of said projection beam in a me- 
chanically uncoupled arrangement with respect to 
one another. 

32. A device manufactured according to the method of 
25 claim 31. 

33 . A masking device according to any of the preceding 
claims 1-30. 
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34. A masking plate having a composition including 
CVD diamond or tungsten copper alloy or silicon 
carbide. 



29. A lithographic projection apparatus according to 
any of the preceding claims 2-28 wherein said first 
masking means Includes a blade and said appara- 
tus further includes a clamping means provided at 
two opposite ends of the blade for clamping said 
blade to said blade support such that said blade is 
supported at said opposite ends by said blade sup- 
port. 
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30. A lithographic projection apparatus according to 
any of the preceding claims, wherein any of said 
masking means are provided with an anti-reflective 
coating. 



so 



31. A device manufacturing method comprising the 
steps of: 



providing a substrate that is at least partially ss 
covered by a layer of radiation-sensitive mate- 
rial; 

providing a projection beam of radiation using 
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